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(54) Phase locked loop circuit 

(57) A PLL circuit of which pull-in time is reduced. 
The PLL circuit comprises a voltage controlled oscilla- 
tor; a frequency divider which divides the frequency of 
the output signal from the voltage controlled oscilla- 
tor; a phase detector which compares the phase of a 
standard signal and the frequency-divided signal and 
outputs an advanced phase signal and a delayed phase 
signal; a charge pump which charges and discharges a 
capacitor in a low pass filter, depending upon the 



advanced/delayed phase signals; a voltage supplier 
which supplies the control terminal of the voltage con- 
trolled oscillator with a voltage which corresponds to the 
desired voltage decided by the different output frequen- 
cies of the voltage controlled oscillator, when the output 
of the low pass filter is not virtually connected with the 
control terminal of the voltage controlled oscillator. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

[0001 ] The present invention relates to a phase locked 
loop (PLL) circuit. 

2. Description of the Prior Art 

[0002] The fundamental operation of a conventional 
PLL circuit is explained. 

[0003] In Figure 5, an example of the fundamental 
PLL circuit is shown. Phase detector (PD) 1 accepts an 
external input signal frequency f i and a feedback signal 
frequency tyN which is generated by multiplying the 
output signal frequency f 0 from voltage controlled oscil- 
lator (VCO) 4 by 1/N in frequency divider 5. PD 1 com- 
pares the frequencies and phases of fi and VN and 
then, outputs pulse signals PU and PD corresponding to 
the differences between them. Then, the outputs from 
PD 1 are fed into charge pump 2. Charge pump 2 con- 
verts the pulse signals PU and PD into analog quanti- 
ties and outputs them to low pass filter (LPF) 3. LPF 3 
eliminates the high frequency component and noise in 
the output signal from charge pump 2 and output it as 
V 0 to VCO 4. VCO 4 outputs the output signal frequency 
f 0 . The output signal frequency f 0 muttiplied by 1/N in 
frequency divider 5 is fed back into PD 1 , 
[0004] As explained above, the PLL circuit repeats 
these operations and stabilizes the frequency output of 
the input signal frequency fi multiplied by N, when the 
input signal f i becomes equal to the feedback signal fre- 
quency fo/N. However, it is desirable to shorten the time 
(pull- in time) required to lock the PLL circuit until fi 
becomes equal to VN, because the PLL circuit is a kind 
of frequency negative feedback circuit which acts to 
detect the differences of the phases between the input 
signal and the feed-back signal. Therefore, there is dis- 
closed, for example, in the Japanese Patent laid-open 
No. Hei 8-228148 (1996), a technique wherein the time 
(lock-in time) required to lock the PLL circuit can be 
reduced, when the input signal frequency is changed. 
[0005] In Figure 6, a block diagram of the PLL circuit 
disclosed in the JP 8-228148 is shown. Here, only the 
differences from the conventional circuit shown in Fig- 
ure 5 are explained. When the strobe signal STB as well 
as the set-up frequency data DA is inputted into PLL 
processing unit 7, the set-up frequency data DA is writ- 
ten in PLL processing unit 7 on the basis of the clock 
signal CK. Then, PLL processing unit 7 divides the set- 
up frequency data DA on the basis of the standard fre- 
quency of quartz oscillator 6 and outputs the set-up sig- 
nal f r into PD 1 . The strobe signal STB is also fed to 
analog switch 108 which is connected in parallel with 
LPF 3. Analog switch 108 is closed only when the 
strobe signal STB is active. Accordingly, only when the 



set-up signal fr from PLL processing unit 7 is changed 
by the change of the set-up frequency data DA, the out- 
put SG1 from charge pump 2 is inputted into VCO 4 
without passing through LPF 3. Thus, the lock-up time 

5 required to transit the frequency from the original fre- 
quency to the newly set-up frequency can be short- 
ened. On the other hand, when set-up frequency data 
DA is not changed, the signal purity (frequency stability) 
is maintained, because analog switch 108 is not closed 

w and output SG 1 from charge pump 2 passes through 
LPF 3. 

[0006] The PLL circuit compares the phase difference 
between the input signal and the feedback signal, then, 
eliminates, by using the LPF, the high frequency compo- 

15 nent and noise of the signal voltage corresponding to 
the phase difference, and finally outputs from the VCO 
4 the frequency on the basis of the output of the LPF. 
Then, the frequency output is frequency-divided and 
fed-back until the input signal frequency becomes equal 

20 to the feedback signal frequency. Therefore, the con- 
ventional PLL circuit has a problem that the pull-in time 
is required until the input signal frequency becomes 
identical to the feedback signal frequency. The pull-in 
time depends upon the initial frequency, the phase dif- 

25 ference between the input signal and the feedback sig- 
nal, loop gain, and the time constant of the LPF. If the 
time constant of the LPF is reduced, the noise is not 
eliminated adequately and signal purity ( frequency sta- 
bility) is degraded, although the pull-in time is reduced. 

30 On the other hand, the conventional PLL circuit as 
shown in Figure 6 can reduce the lock-up time in case 
of the change of the set-up frequency without degrading 
the signal purity (frequency stability), because the feed 
back signal by-passes the LPF, if the set-up frequency is 

35 changed. However, this by-pass technology is not effec- 
tive for the reduction of the pull-in time. 

SUMMMARY OF THE INVENTION 

40 [0007] Therefore, an object of the present invention is 
to provide a PLL circuit with a reduced pull-in time. 
[0008] In accordance with the present invention, there 
is provided a PLL circuit with the reduced pull-in time, 
which comprises a voltage controlled oscillator; a fre- 

45 quency divider which divides the frequency of the output 
signal from the voltage controlled oscillator; a phase 
detector which compares the phase of a standard signal 
and the frequency-divided signal and outputs an 
advanced phase signal and a delayed phase signal; a 

50 low pass filter for eliminating the high frequency compo- 
nent and noise of the signal; a charge pump which 
charges and discharges the capacitor in the low pass fil- 
ter, depending upon the advanced/delayed phase sig- 
nal; and a voltage supplier which supplies the control 

55 terminal of the voltage controlled oscillator with a volt- 
age which corresponds to the desired voltage decided 
by the output frequency of the voltage controlled oscilla- 
tor, when the output of the low pass filter is not virtually 
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connected with the control terminal of the voltage con- 
trolled oscillator. 

[0009] Instead of the above-mentioned single voltage 
supplier, a plurality of voltage suppliers may well be pro- 
vided. They supply the control terminal of the voltage 
controlled oscillator with the voltages which correspond 
to a desired voltages decided by the different output fre- 
quencies of the voltage controlled oscillator, when the 
output of the low pass filter is not virtually connected 
with the control terminal of the voltage controlled oscil- 
lator; and a switch which connects a does not connects 
at all virtually the control terminal of the voltage control- 
led oscillator with any one of the voltage suppliers. 
[0010] The voltage supplier may comprise a first 
capacitor which is connected between a external volt- 
age source and the control terminal of the voltage con- 
trolled oscillator and a second capacitor which is 
connected between the control terminal and the ground. 
[001 1 ] Here, the capacitance Ca of the first capacitor 
and the capacitance Cb of the second capacitor prefer- 
ably hold the relation such as Ca : Cb=V 0 : (Vdd - V 0 ), 
where Vdd is the voltage of the external voltage source 
and V 0 is the desired voltage corresponding to the out- 
put frequency of the voltage controlled oscillator. 
[001 2] The above-mentioned switch may comprise an 
input means for accepting a stand-by signal and a signal 
which prescribes a frequency dividing ratio in the 
divider, an output means for outputting a selection sig- 
nal which selects one of the voltage suppliers, when the 
stand-by signal is active, a demultiplexing means for 
outputting the by-pass signal, when the stand-by signal 
is active, a connection means for connecting the control 
terminal of the voltage controlled oscillator with one of 
the voltage suppliers, when the selection signal is active 
and a short-circuit means for short-circuiting the low 
pass filter and the control terminal. 
[0013] In the PLL circuit of the present invention, the 
impedance of each of the above-mentioned voltage 
suppliers is smaller than that of the low pass filter (LPF). 
[0014] As explained above, the PLL circuit of the 
present invention comprises the additional capacitors 
with an analog switch for controlling the output voltage 
from LPF, the demultiplexer (DEMUX) for selecting a 
pair of the capacitors corresponding to the dividing ratio. 
By disposing the capacitors and tyhe DEMUX in 
between the LPF and the VCO, the initial deviations in 
frequency and phase of the input signal and feedback 
signal are repressed, when the set-up frequency has 
been inputted or changed, or when the dividing ratio has 
been changed, whereby the pull-in time is reduced. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0015] 

Figure 1 is a circuit diagram of the PLL circuit of the 

first mode of the present invention. 

Figure 2 is a circuit diagram of the PLL circuit of the 



second mode of the present invention. 
Figure 3 is a circuit diagram of demultiplexer. 
Figure 4A is a circuit diagram of analog switch. 
Figure 4B is a circuit diagram of capacitor portion. 
s Figure 5 is a fundamental circuit diagram of a con- 
ventional PLL circuit. 

Figure 6 is a circuit diagram of the conventional PLL 
circuit as disclosed in JP laid-open No. Hei 8- 
228148(1996). 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
[Embodiment 1] 

15 [001 6] Referring to the drawings, the embodiment 1 of 
the present invention is explained in detail. 
[0017] A circuit diagram of the first mode of the 
present invention is shown in Figure 1. The reference 
numerals set forth in Figure 1 apply to the same ele- 

20 ments in Figure 5. Charge pump 2 comprises P channel 
transistor 9, N channel transister 10 and NOT circuit 1 1 . 
LPF 3 comprises register Ra 12, register Rb 13 and 
capacitor C 14. Further, at the output terminal of LPF 3, 
capacitor Ca 15 is connected with the voltage Vdd and 

25 capacitor Cb is connected with the voltage Vss. 

[001 8] PD 1 compares the frequencies and phases of 
the inputted signal f i and the feedback signal f(>/N. If the 
frequency of the feedback signal tyN is lower than that 
of the inputted signal f i or if the phase of tyN is retarded, 

30 then, PD 1 outputs a low level pulse signal PU. On the 
other hand, if the frequency of the feedback signal yN 
is greater than that of the inputted signal fi or if the 
phase of tyN is advanced, then, PD 1 outputs a low 
level pulse signal PD. The current flows toward the right, 

35 when pulse signal PU is low. Accordingly, charge pump 
2 charges capacitor 14 in LPF 3 to increase the output 
voltage Vol of LPF 3. On the other hand, current I flows 
toward the left, when pulse signal PD is low. Accord- 
ingly, charge pump 2 discharges capacitor 14 in LPF 3 

40 to decrease the output voltage Vol of LPF 3. If pulse 
signals PU and PD are high, current I becomes zero 
and the Vol is unchanged. 

[0019] Then, output voltage Vol which is the input 
voltage to VCO 4 approaches the value expressed in 

45 terms of the reciprocals of the capacitances of Ca 15 
and Cb 16, { [(1/Cb)/(1/Ca+1/Cb] x Vdd}. Here, The 
input voltage Vol to VCO 4 and the output frequency f 0 
satisfies such a relationship as f 0 = fr +K x Vol , where 
fr is a freerunning frequency and K is a conversion gain 

so of VCO 4. In other words, the output frequency f 0 from 
VCO 4 varies around the freerunning frequency fr. At 
the same time, f 0 is proportional to Vol. Further, the 
input voltage Vol which is required to obtain the desired 
frequency f 0 is specific to VCO 4. Such a specific value 

55 can be calculated. Therefore, if the desired frequency f 0 
and the specific input voltage Volare fixed beforehand 
and if the capacitance ratio of capacitors Ca 15 and Cb 
16 is fixed beforehand under such a relationship as Ca: 
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Cb = Vol : (Vdd - Vol), the value of Vo2 can be control- 
led to obtain the desired frequency f 0 when the set-up 
frequency has been inputted or changed, or when the 
dividing ratio has been changed. Therefore, the pull-In 
time can be reduced by repressing thaJnrtial deviations 
in frequency and phase of the input signal fi and feed- 
back signal VN into minimum value. 
[0020] Further, in equilibrium state, the voltage Vol is 
controlled by PD land charge pump 2. 
[0021] Further, even if the combined impedance of 
register Rb 13 and capacitor C 14 is made higher than 
the impedance of capacitor Ca 15 or capacitor Cb 16, 
the contribution of register Rb 13 and capacitor C 14 
can be neglected, when the set-up frequency has been 
is inputted or changed, or when the dividing ratio has 
been changed. Further, the value of Vo2 can be 
adjusted to be the input voltage value which is required 
to obtain the desired frequency f 0 . 

[Embodiment 2] 

[0022] A circuit diagram explaining the second 
embodiment of the present invention is shown in Figure 
2. As shown in Figure 2, demultiplexer (DEMUX) 18 is 
connected with NOT circuit 1 7 which" is further con- 
nected with analog switch 19. DEMUX 18 is connected 
also with capacitor portions 20a to 20d ( hereinafter 
referred to as 20x) each of which comprises analog 
switch and capacitor. Figure 3 is a circuit diagram of 
DEMUX 18. Figure 4A is a circuit diagram of analog 
switch 19. Figure 4B is a circuit diagram of capacitor 
portion 20x each of which comprises analog switch and 
capacitor. In the following, only the differences from the 
first embodiment of the present invention are explained. 
[0023] Signals Sq and Si are control signals which 
decide the dividing ratio of frequency divider 5 and are 
inputted into DEMUX 18 as well as frequency divider 5. 
Further, the signal STB becomes high level, when sig- 
nal S1 and input signal f i are inputted into PLL circuit or 
changed in PLL circuit. Signals S 0 , S 1 and STB are 
inputted into DEMUX 18. When the signal STB 
becomes low, all the outputs y x from DEMUX 18 
becomes low. The electric potential of the signal STB is 
inverted by NOT circuit 17. Then, the inverted signal of 
the signal STB turns on analog switch 19 and changes 
the output voltage Vol from LPF 3 into the input voltage 
Vo2 into VCO 4, without passing through any capacitor 
portion 20x. In other words, the inverted signal of the 
signal STB functions as a bypass signal. On the other 
hand, when signal STB becomes high, analog switch is 
turned off and one of the output signals y 0 to y 3 
becomes high on the basis of the values of control sig- 
nals S 0 and S<\ by DEMUX 18. When high level signal y x 
is inputted into capacitor portion 20x, ajpa\oQ switch 19x 
in capacitor portion 20x is turned on and the output Vol 
from LPF 3 becomes Vo2 which is almost the same as 
the input voltage which is required to obtain the desired 
frequency f 0 by virtue of Cax and Cbx, as explained in 
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the first mode of the present invention. For example, it is 
supposed here that the dividing ratio be 1/1,1/2,1/3,... 
and that the corresponding output frequency from VCO 
4 be 1fi,2fi,3fi,... and that the input voltage required to 

s obtain such output frequencies be Vo2 1 ,Vo2 2 ,Vo2 3 ,.... 
Further, the capacitance ratios are fixed under the con- 
ditions as follows: Ca, : Ob, = Vo2, : (Vdd - VteJ ; 
Ca 2 : Cb 2 = Vo2 2 : (Vdd - Vo2 2 ) ; Ca 3 : Cb 3 = Vo2 3 : 
(Vdd - Vo2 3 ). By selecting one of capacitor portions 20x 

w on the basis of the dividing ratio by using DEMUX 18, 
the output voltage Vol from LPF 4 can approach the 
input voltage which is required to obtain the desired fre- 
quency f 0 . Thus, the deviation of the phase and fre- 
quency can be minimized. 

15 [0024] As explained above, the pull-in time can be 
reduced, when the input signal frequency fi has been 
inputted or changed, and when the dividing ratio has 
been changed. 

[0025] Depending upon the cases, the dividing ratio 

20 may happen to be unity. 

[0026] Further, when analog switch 19 is connected 
with VCO 4, the response to the output from PD 1 is 
improved comparing with the first mode of the present 
invention, because capacitance portions 20x are sepa- 

25 rated. Accordingly, the response is maintained, even 
when the impedances of capacitance portions 20x are 
fixed to be greater than that of LPF 3. 
[0027] Although the present invention has been 
shown and described with respect to the best mode 

30 embodiment thereof, it should be understood by those 
skilled in the art that the foregoing and various other 
changes, omissions, and additions in the form and 
detail thereof may be made therein without departing 
from the spirit and scope of the present invention. 

35 

Claims 

1. A PLL circuit wherein the pull-in time is reduced, 
which comprises: 

40 

a voltage controlled oscillator; 
a frequency divider which divides the fre- 
quency of the output signal from the voltage 
controlled oscillator: 

45 a phase detector which compares the phase of 

a standard signal and the frequency-divided 
signal, and outputs an advanced phase signal 
and a delayed phase signal; 
a low pass filter for eliminating the high fre- 

50 quency component and noise of said advanced 

phase signal and said delayed phase signal; 
a charge pump which charges and discharges 
a capacitor of said low pass filter, depending 
upon said advanced phase signal and said 

55 delayed signal; and 

a voltage supplier which supplies the control 
terminal of said voltage controlled oscillator 
with a voltage which corresponds to the 
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desired voltage decided by the output frequen- 
cies from said voltage controlled oscillator, 
when the output from said low pass filter is not 
virtually connected with said control terminal of 
said voltage controlled oscillator. 

2. A PLL circuit wherein the pull-in time is reduced, 
which comprises: 

a voltage controlled oscillator; 
a frequency divider which divides the fre- 
quency of the output signal from the voltage 
controlled oscillator; 

a phase detector which compares the phase of 
a standard signal and the frequency-divided 
signal, and outputs an advanced phase signal 
and a delayed phase signal; 
a low pass filter for eliminating the high fre- 
quency component and noise of said advanced 
phase signal and said delayed phase signal; 
a charge pump which charges and discharges, 
depending upon said advanced phase signal 
and said delayed phase signal, a capacitor in 
said low pass filter; 

a plurality of voltage suppliers which supply the 
control terminal of said voltage controlled oscil- 
lator with voltages which correspond to the 
desired voltages decided by the output fre- 
quencies from said voltage controlled oscilla- 
tor, when the output from said low pass filter is 
not virtually connected with the control terminal 
of said voltage controlled oscillator; and 
a switch which connects or does not connects 
at all virtually said control terminal of said volt- 
age controlled oscillator with any one of said 
voltage suppliers. 



age controlled oscillator. 

6. The PLL circuit according to claim 4, wherein Ca: 
Cb = V 0 : (Vdd - V 0 ), where Ca is the capacitance 

5 of said first capacitor, Cb is the capacitance of said 
second capacitor, Vdd is the voltage of said exter- 
nal voltage source, and V 0 is the desired voltage 
corresponding to said output frequency of said volt- 
age controlled oscillator 

10 

7. The PLL circuit according to claim 2, which com- 
prises: 

an input means for accepting a stand-by signal 
is and a signal which prescribes a frequency 

dividing ratio in the divider; 
an output means for outputting a selection sig- 
nal which selects one of said voltage suppliers, 
when said stand-by signal is active; 
20 a de-multiplexing means for outputting a by- 

pass signal, when said stand-by signal is 
active; 

a connection means for connecting said control 
terminal of said voltage controlled oscillator 
25 with one of said voltage suppliers, when said 

selection signal is active; and 
a short-circuit means for short-circuiting said 
low pass filter and said control terminal. 

30 8. The PLL circuit according to claim 1, wherein the 
impedance of said voltage supplier is smaller than 
that of said low pass filter. 

9. The PLL circuit according to claim 3, wherein the 
35 impedance of said voltage supplier is smaller than 
that of said low pass filter. 



3. The PLL circuit according to claim 1, wherein said 
voltage supplier comprises a first capacitor which is 
connected between an external voltage source and 
said control terminal of said voltage controlled oscil- 
lator, and a second capacitor which is connected 
between said control terminal and the ground. 

4. The PLL circuit according to claim 2, wherein each 
of said voltage suppliers comprises a first capacitor 
which is connected between a external voltage 
source and said control terminal of said voltage 
controlled oscillator, and a second capacitor which 
is connected between said control terminal and the 
ground. 

5. The PLL circuit according to claim 3, wherein Ca : 
Cb = V 0 : (Vdd - V 0 ), where Ca is the capacitance 
of said first capacitor, Cb is thehcapacitance of said 
second capacitor, Vdd is the voltage of said exter- 
nal voltage source, and V 0 is the desired voltage 
corresponding to said output frequency of said volt- 



10. The PLL circuit according to claim 5, wherein the 
impedance of said voltage supplier is smaller than 

40 that of said low pass filter. 

11. The PLL circuit according to claim 2, wherein the 
impedance of each of said voltage suppliers is 
smaller than that of said low pass filter. 

45 

12. The PLL circuit according to claim 4, wherein the 
impedance of each of said voltage suppliers is 
smaller than that of said low pass filter. 

so 13. The PLL circuit according to claim 6, wherein the 
impedance of each of said voltage suppliers is 
smaller than that of said low pass filter. 



55 



5 



EP0 896 434 A1 




6 



EP0 896 434 A1 




7 



EP0896434A1 



F I G.3 



22 



STB- 



S1 



ml 



21 



S2 



21 



22 



22 



22 



-oyo 



-oyi 



-oyz 



-OY3 



i o 



18 



EP0 896 434A1 



F I 6.4A 



r- 1 




-19 



-OV02 




9 



EPO 896434 A1 



ro 



• 



CM 





f-- 



10 



EP 0 896 434 A1 



00 
O 



o 


I 


o 


o 


_J 


WIT 


NA 


< 


CO 



CO 
CD 




11 



EP0 896 434A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 98 11 4841 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



US 5 355 098 A (IWASAKI KEIICHI) 
11 October 1994 

* column 2, line 6 - line 13 * 

* column 3, line 15 - column 5, line 27; 
figures 1-6B * 

EP 0 482 823 A (NIPPON ELECTRIC CO) 
29 April 1992 

* column 2, line 14 - line 16 * 

* column 13, line 51 - column 14, line 54; 
figures 13,14 * 

US 5 021 749 A (JCASAI KEN ICHIRO ET AL) 
4 June 1991 

* column 5, line 12 - column 8, line 2; 
figures 1,2 * 

PATENT ABSTRACTS OF JAPAN 
vol. 006, no. 155 (E-125), 17 August 1982 
& JP 57 076931 A (DENKI K0GY0 KK), 
14 Hay 1982 

* abstract; figures 2,3 * 



The present search report has been drawn up for all claims 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (tntCI.6) 



1,2,7 



H03L7/187 



1,3,5, 
8-10 



TECHNICAL FIELDS 
SEARCHED (lntCL6) 



H03L 



Place al search 

THE HAGUE 



Date of completion of the •©arch 

20 November 1998 



Examiner 

Balbinot, H 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant H taken atone 

Y : particularly relevant if combined w3h another 

document of the tame category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or prinoble underlying the invention 
E : earlier patent document but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reason* 



& : member of the same patent family, corresponding 
document 



12 



